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Abstract. Aspects of the life history of Notospisula trigonella and spatial and temporal variations in

its abundance in the Hawkesbury Estuary, New South Wales, are described and related to physico-

chemical factors. Sexes were separate with a sex ratio close to 1:1. Spawning usually occurred between

August and November but sometimes continued until February. Annual variation in the timing of onset

and duration of spawning occurred and the nature of spawning cues is unclear. Recruitment always

occurred between August and November, usually with a single cohort that appeared to survive about

1 yr. Growth rates were usually highest between November and February when cohorts of small size

were present.

Spatial differences in abundance were usually significant but variable. The species was absent from

salinities less than 10%o and usually rare at sites closest to the ocean, where mean low-water salinities

were 31.4%o. Water depth and sediment grade had little apparent effect on abundance as differences

associated with the former were inconsistent and those with the latter were not significant. Temporal

differences were somewhat cyclic in the middle estuarine reaches, with maximum abundance in No-

vember, but were variable in the lower reaches. Abundance fell to zero following a major flood. Much

of the variability observed may ultimately be due to the unpredictable rainfall of the region.

INTRODUCTION

Notospisula trigonella (Lamarck, 1818) is a suspension-

feeding mactrid bivalve found in estuaries and coastal waters

of all Australian states (Wilson & Kendrick, 1968). It

inhabits a wide range of sedimentary habitats (Robinson

& Gibbs, 1982) and can dominate the macrofaunal com-

munity with densities exceeding 2000 m~ 2 (Green, 1968).

Despite this, little is known about its life history and pop-

ulation biology. Available information is limited to a study

of mortality (where it was called TV. parva) by Green

(1968), fragmentary notes in several benthic community

studies {e.g., Chalmer et ai, 1976; Stephenson et ai,

1977; Rainer & FlTZHARDlNGE, 1981; POORE, 1982) and

Stejskal (1985).

This paper is based on information collected during a

long-term study of the macrobenthic community of the

Hawkesbury River estuary in southeastern Australia. Be-

cause it was the dominant species in the study, the biology

of Notospisula trigonella is treated here separately from the

rest of the fauna. The aims are to describe aspects of the

life history (reproductive cycle, sex ratio, recruitment, and

growth) and population biology (spatial and temporal dis-

tributions) in relation to physicochemical factors.

MATERIALS and METHODS

Field Sampling

Twelve across-estuary transects containing 29 sampling

sites were located between the mouth of the Hawkesbury
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Table 1

Mean values for depth, mean grain size (Mz), % mud, and

bottom-water salinity (adjusted to low-water values) for

most sites over the first five samplings (summer 1977 to

summer 1978 inclusive). The sites upstream of 9.1 and

9.2 included both deep and shallow sites on each transect

and all had sediments with <20% mud. Salinities de-

creased from 7.3%o at transect 10 to <0.5%o at transect 14.

Site 7A was 20 m deep with muddy sand sediments and

salinity similar to site 7.1.

Depth M
z

Mud Salinity

Site (m) (*) (%) (%o)

1.1 4 6.0 59 31.4

1.3 10 4.4 31 31.4

2.1 4 6.1 61 29.7

2.2 5 6.0 60 29.7

2.3 12 7.7 88 29.7

3.1 12 5.4 49 27.9

3.2 6 3.1 17 27.9

3.3 5 8.1 93 27.9

6.2 8 4.4 36 24.0

6.3 8 1.7 6 24.0

7.1 12 5.7 51 20.5

7.2 8 2.1 13 20.5

7.3 6 7.6 83 20.5

8.1 6 6.0 57 16.8

8.2 16 3.4 17 16.8

9.1 20 6.2 63 11.8

9.2 6 3.0 20 11.8

Estuary and its junction with the Colo River (Figure 1).

Sites on most transects varied in depth and sediment grade

(Table 1). Samples were taken every season, with summer,

autumn, winter, and spring being represented by Febru-

ary, May, August, and November respectively. All sites

were sampled from February 1977 until February 1978

inclusive. Sampling was continued seasonally at sites 3.1

and 3.2 until spring (November) 1979 (i.e., 3 yr total) and

at sites 1.1, 1.3, 2.1, 2.2, 7.1, and 7.2 until summer (Feb-

ruary) 1984 (i.e., 7 yr total). No samples were taken at

sites 1.3, 2.1, and 2.2 in autumn 1980 owing to equipment

malfunction. Each sample comprised four 0.05-m 2 Smith-

Mclntyre grabs and material retained on a 1-mm sieve

was preserved in buffered 10% formalin for subsequent

laboratory processing under stereomicroscopes.

The salinity and temperature of bottom water were

measured by a Goldberg temperature-compensated re-

fractometer, a mercury thermometer (using water obtained

by a closing water bottle), and a Martek Mark V in situ

water quality analyzer whose sensors were lowered to the

bottom. Sediment samples were taken from an additional

grab taken at each time and site until autumn 1981. The

sieve and pipette procedures of Folk (1974) were used to

analyze the grain size composition of the sand and silt-

clay components respectively. River-discharge data were

obtained from the New South Wales Metropolitan Water

Sewerage and Drainage Board's gauging station at Penrith

upstream of the tidal limit.

Life History

In summer 1980, a dense population was discovered at

site 7A (Figure 1) from which one or two grabs were

collected every three months until spring 1983. Specimens

from this site were used to describe the reproductive cycle

and estimate sex ratios, recruitment, and growth. The

minimum reproductive size was determined for specimens

from sites 7A, 7.1, 7.2, 2.1, and 3.1.

The interval between sampling (three months) was im-

posed by the logistics of a long-term community study and

is greater than would normally be used for accurate de-

scriptions of reproductive cycles. However, it is possible

to gain considerable insight into the reproductive cycle by

considering seasonal reproductive changes in conjunction

with size-frequency distributions and by relating periods

of spawning to those of recruitment (Roberts, 1984).

Fifteen individuals of 8 to 15 mm shell length were

selected from each sample from site 7A and tissue speci-

mens were prepared for histology. The gonadal portion of

the visceral mass was removed and dehydrated in graded

alcohols, cleared in xylene, embedded in paraffin wax,

sectioned at 7-^m intervals, and stained with Harris'

hematoxylin and eosin (Carleton, 1957). At least 20

serial sections from each specimen were examined micro-

scopically. Determination of the stage of gametogenesis

was based on the classifications of Braley (1984) and

Ropes (1968): i.e., stage —resting or spent gonad; stage

1—early active; stage 2—late active; stage 3—ripe; stage

4—partially spawned; stage 5—spent. Allocation to a par-

ticular stage was made if more than 75% of the follicles

showed this level of development.

Sex ratios and the minimum reproductive size were

determined histologically and by observing the external

condition (color) of the gonad in ripe individuals (stage 3).

At other stages of gametogenesis, the color of the gonad

could not be used to determine gender. In order to deter-

mine the minimum reproductive size, specimens ranging

in size from 2 to 17 mm were examined for the presence

of ripe gonad. Squash mounts of the gonad region of the

visceral mass were used as a final check for small individ-

uals without externally visible gonad.

Size Structure and Growth

Shell lengths of 200 randomly selected individuals from

each sample taken at site 7A were measured with vernier

calipers (±0.1 mm) and placed into 1-mm size classes. For

samples with less than 200 specimens, all available indi-

viduals were measured. Estimates of mean cohort size from

size-frequency distributions were made using normal

probability paper (Cassie, 1954). Growth rates were then

estimated from the displacement of the mean length of

those cohorts that were clearly recognizable and could be

followed through time.
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Figure 1

Map of Hawkesbury River estuary showing location of sampling sites. The transect number is indicated by the

left hand numeral.
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Data Analysis

Analyses of the relationship between the abundance of

Notospisula trigonella and several abiotic variables (distance

from the river mouth, water depth, sediment grade, season,

year, river discharge, salinity, and temperature) were done.

Some of these were confounded, e.g., salinity varied with

distance from the river mouth and sediment grade varied

with both distance from the mouth and depth.

Differences in abundance associated with those variables

whose levels could be fixed (distance from the river mouth,

water depth, sediment grade, season, and year) were iden-

tified by analysis of variance (ANOVA) in various factorial

combinations (see below) and a posteriori Student-New-

man-Keuls (SNK) multiple comparisons. Cochran's test

was used to test for variance heterogeneity and variance-

stabilizing transformations were used where necessary.

These ANOVAs deal with both spatial and temporal as-

pects of distribution and abundance.

Different spatial patterns during the first five sampling

times were determined in the following ways. Patterns

associated with distance from the mouth (along-estuary

patterns) and depth (across-estuary patterns) arose from

the transects containing both deep (>10 m) and shallow

(3-6 m) sites. These data were analyzed by three-way

fixed-factor ANOVAs (6 along-estuary positions x 2

depths x 5 times). Patterns associated with different sed-

iments were identified by subjecting abundance data from

transect 6 to a two-factor (sediment type x time) ANOVA.

Only at transect 6 were sediment differences not confound-

ed by depth differences. All the above ANOVAs included

a time factor in order to assess the repeatability of various

spatial differences in abundance.

Temporal patterns at transects with long-term data

available (7 yr for transects 2 and 7) were analyzed by

three-way fixed-factor ANOVAs (site x season x year).

Year was considered a fixed factor because all available

years were sampled. This fixed-factor model restricts in-

ferences to the paricular sites, seasons, and years involved.

Relationships between abundance and those abiotic

variables whose levels could not be fixed (temperature,

salinity, and river discharge) were quantified using Spear-

man rank correlations and partial correlations. The latter

provided statistical control for confounded variables, i.e.,

the association between abundance and salinity (for ex-

ample) could be quantified independently of the association

with temperature and river discharge.

RESULTS

Physicochemical Characteristics of Sampling Sites

Considerable variation in physicochemical characteris-

tics occurred. The mean salinity of bottom water varied

from 31.4%o at transect 1 to 11.8%o at transect 9 (Table

1). No specimens of Notospisula trigonella were obtained

in the lower salinities upstream of transect 9. There were

temporal variations in salinity which were largely caused

by a major flood in March 1978, minor floods in March

1977 and June 1978, and a major drought from 1979 until

1981 (Figure 2). Recorded temperature of bottom water

at site 7A varied from 25.7 to 14.4°C. The range was

approximately 2°C greater and less in the upper (transects

11-14) and 2°C less in the lower (transects 1-3) reaches

respectively. The finest and coarsest sediments were located

in the lower and upper reaches respectively, and sediment

grade varied substantially across the estuary at transects

3-9 (Table 1).

Sex Ratio and Minimum Reproductive Size

Notospisula trigonella has separate sexes and the popu-

lation at site 7A displayed a sex ratio of 1:1.05 (male:

female, n = 240) which is not significantly different from

1:1 (x
2 = 0.15, P > 0.05). No hermaphrodites were ob-

served.

The minimum recorded shell length of reproductively

mature individuals at site 7A was 5 mm. However, at sites

7.1, 7.2, 3.1, and 2.1, it was only 3-4 mm.

Spawning and Recruitment

Spawning, as indicated by the presence of partially

spawned individuals, usually occurred in November and

sometimes continued until February of the following year

(Figures 3A-D). However, the timing of both the onset

of spawning and its duration appeared to vary among

years. For example, in 1981, partially spawned specimens

(stage 4) were present in August, whereas in 1983 and

1982, this stage was not observed until November and the

following February respectively (Figures 3B-D). Fur-

thermore, spawning had probably concluded by February

in 1981 and 1982 but was continuing during February of

1980 and 1983. In fact, the presence of spent individuals

as late as May in 1980 implies an exceptionally long

duration for the spawning period starting in 1979 (Figure

3A).

Recruitment of a new cohort always occurred between

August and November but variability in the number of

cohorts per year among years was apparent (Figure 4). In

1982 for example, cohort 4 had settled prior to the August

sampling and was supplemented by cohort 5, which had

settled prior to the November sampling (Figures 4K, L).

Each cohort appeared to survive about 1 yr, except cohort

4, which suffered high early mortality (Figures 4L, M).

Although spawning in 1980 and 1983 continued until Feb-

ruary (Figures 3A, D), no recruitment ensued (Figures

4A-C, M-O), although specimens too small to be sampled

may have settled temporarily.

Growth

In all years except 1982, growth rates showed a single

peak between November and February. In 1982, growth

rates peaked in this period and also between August and

November when settlement (cohort 4) occurred earlier than
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Temporal distribution (1977-1983 inclusive) of mean number of individuals per grab at sites 2.1 (•), 2.2 (O), 7.1

(T), and 7.2 (V). Standard errors are omitted for clarity but varied from 0.0 to 0.5 (2.1), 0.0 to 0.6 (2.2), 0.0 to

0.6 (7.1) and 0.0 to 0.8 (7.2) following data transformation to log
e
(x + 1). Log,„ river discharge volumes are

included. Ml = megalitres.

for other years. Growth for these three-month periods

varied from 4.0 mm for cohort 2 in 1980-1981 to 10.5

mm for cohort 3 in 1981-1982 (Figure 4). In addition to

varying seasonally, growth rates also varied with cohort

mean size. For example, the size of cohorts for all these

high-growth periods was small, with mean shell lengths

less than 5.6 mm. At other times, larger-sized cohorts

(>8.4 mm mean length) were present and their growth
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A-D. Temporal sequence of gametogenetic stages at site 7A from summer 1980 until spring 1983. The numbers

to 5 on the abscissa refer to gametogenetic stages with = resting or spent gonad, 1 = early active, 2 = late

active, 3 = ripe, 4 = partially spawned, and 5 = spent.

never exceeded 2.8 mm for any three-month period (Figure

4). Hence, the effect of season on growth rates was con-

founded by different sizes.

Growth rates also varied considerably among years. For

example, growth for the November-February period of

cohort 3 in 1981-1982 and cohort 5 in 1982-1983 was

10.5 mm and 4.8 mm respectively, even though the cohort

mean size was identical (Figure 4).

Distribution and Abundance in Space and Time

Differences in abundance among transects, depths, and

sediments, and with time, were often statistically signifi-

cant. However, the patterns of difference were not consis-

tent (ANOVA interaction terms significant) and, hence,

any ecological importance of the main factors was obscured

by complex interactions.
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A-P. Size-frequency histograms for each sampling time at site 7A. n = 200 for all samples except F, G, H, and

K where n = 46, 145, 110, and 140 respectively. The cohorts are numbered 1-6.

Along-estuary patterns: The occurrence of Notospisula

trigonella was restricted to the lower and middle reaches

of the estuary, i.e., transects 1-9 inclusive. Although sig-

nificant differences in abundance among these transects

usually occurred (three-way ANOVA, F
transect

= 243.2, P <

0.001; SNK tests), the pattern varied with both depth and

time (three-way ANOVA, all interaction terms signifi-

cant). The species was absent or rare from both deep and

shallow sites on transects 1 and 9. At deep sites, transects

2 and 3 were usually significantly richer than all other

transects, while no consistent along-estuary pattern of dif-

ference emerged from shallow sites (SNK tests, Figure 5).

Across-estuary patterns: Depth-related differences in

abundance occurred at all transects analyzed (three-way

ANOVA, Fdepth
= 640.2, P < 0.001). However, the pattern

of difference varied with time (i.e., the richer site was

sometimes shallow and sometimes deep; ANOVA inter-

action terms significant, SNK tests) everywhere except at

transect 3. At transect 3, the deep site always yielded more

specimens than the shallow site although this depth-related

difference was confounded by sedimentary differences be-

tween the sites (Table 1).

At transect 6, sediments (but not water depth) varied

between the two sites (Table 1). Differences in abundance

between these sites were not significant during the first

five sampling times (two-way ANOVA, Fske
= 4.1,

n nc rr = o o p -^ n nz\

P >

0.05; F = 2.2, P > 0.05).

Temporal patterns: For the long-term (7-yr) data, sig-

nificant seasonal and annual differences in abundance oc-

curred at both transect 2 (Fscason
= 12.1, P < 0.001;

F
year

= 8.9, P < 0.001) and transect 7 (Fseason
= 56.7, P <

0.001; Fyear
= 20.3, P < 0.001). However, at both transects

the seasonal patterns varied with both site and year and

the yearly patterns varied with both site and season (three-

way ANOVAs, second order interaction significant). De-

spite this significant interaction, patterns were relatively

cyclic at transect 7, where peaks often occurred in Novem-

ber and low densities in May or August (Figure 2). How-

ever, abundance varied irregularly at transect 2. Following

a major flood in March 1978, Notospisula trigonella was

absent from all sites sampled in May 1978 and relatively

rare in August 1978 (Figure 2).

Abundances at transects 2 and 7 were related to tem-

porally changing physicochemical factors in the following

ways. Spearman correlations between abundance and each

of salinity and one-month river discharge were significant

at sites 2.1, 7.1, and 7.2, but not at 2.2. Correlations with

temperature were significant only at sites 2.1 and 7.2 (Ta-

ble 2). Variation in these physicochemical factors never

accounted for more than 22% of variation in abundance.
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Along-estuary distribution of mean number of individuals per

grab at shallow (O) and deep (•) sites for February 1977 (A)

and August 1977 (B). Standard errors are omitted for clarity but

varied from 0.0 to 0.5 (shallow, February), 0.0 to 0.5 (deep,

February), 0.0 to 0.2 (shallow, August), and 0.0 to 0.4 (deep,

August).

When the effects of two of the three physicochemical factors

were held constant by second order partial correlation, only

those correlations with salinity and temperature at site 7.2

were significant (Table 2).

DISCUSSION

Spawning and Recruitment

The appearance of a new cohort and the presence of

partly spawned animals in November of most years (Fig-

ures 3, 4) indicate that spawning usually starts just prior

to this month. This agrees with Hughes (personal com-

munication) who found that specimens from the Swan

Estuary in Western Australia first spawned in September-

October. These findings suggest that rising temperature

could be a spawning cue as found for other bivalve species

(Sastry, 1979). However, the variation in the onset and

duration of spawning among years, despite similar tem-

perature cycles, suggests that other factors could influence

spawning.

Salinity changes can also cause spawning in some bivalve

species (Sastry, 1979) and spawning at low-flow (high-

salinity) times would promote retention of planktonic lar-

vae in the estuary. However, available evidence relating

spawning in Notospisula trigonella with salinity changes

are in conflict. For example, spawning occurred during

increasing salinities in Western Australia (Hughes, per-

sonal communication) and apparently during decreasing

salinities in Bramble Bay, Queensland (Stejskal, personal

communication). Furthermore, partly spawned individu-

als were observed during both low- and high-flow condi-

tions in the Hawkesbury Estuary. Hence, it appears that

any role of salinity change as a spawning cue is either

variable or else interacts with other factors.

Another feature of the life cycle of Notospisula trigonella

is the relationship between spawning and recruitment. Al-

though the length of the spawning period usually provided

the opportunity for extended recruitment from November

until February, only a single cohort appeared in most years

Table 2

Spearman (r
s) and partial (r

p
) correlation coefficients between abundance of Notospisula trigonella and each physicochemical

variable at sites (2.1, 2.2, 7.1, and 7.2) with 7 yr of data available. Partial correlations are second order, i.e., both other

physicochemical variables were controlled. *, **, *** = P < 0.05, 0.01, and 0.001 respectively, two-sided test.

Physicochemical variable

Site

2.1 2.2 7.1 7.2

(n = 112) (n = 113) (n = 116) (n = 115)

0.38*** -0.05 0.33*** 0.46***

0.12 0.15 0.12 0.23**

-0.25** 0.03 -0.23** -0.36***

-0.17 0.15 0.03 -0.17

0.25** 0.04 0.18 33***

0.04 0.05 0.03 0.32***

Salinity

River discharge

Temperature
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(Figure 4), always early in the spawning season. Any

settlement at other times did not yield specimens suffi-

ciently large to be sampled. Stejskal (1985) also found

recruitment in Bramble Bay, Queensland, restricted to

single cohorts. In the present study, several factors may

account for this pattern. For example, high river flows

after November in some years (Figure 2) may have washed

potential settlers downstream. Alternatively, the high den-

sities present after settlement of the first cohort may impede

further settlement through their suspension feeding on set-

tling individuals (Woodin, 1976). However, if this latter

mechanism does apply, it was insufficient to prevent the

settlement of two cohorts in 1982.

Growth

Growth rates varied seasonally, usually being highest

between November and February. At this time, most spec-

imens were small and, hence, the effects of season and size

on growth rate were confounded. The decline in growth

rate with size was probably caused by resources being

diverted from somatic to gonadal growth following the

onset of sexual maturity (Cerrato, 1980). However, other

factors associated with changing seasons may also have

influenced growth rates.

Growth rates also varied among years as shown by

comparisons between cohorts of similar mean size from

different years. From November 1981 to February 1982,

the growth rate was the highest recorded and more than

twice the rate for summer 1980-1981 and 1982-1983.

This high-growth period coincided with increased river

flows (but not of flood status) which may have enhanced

the food supply, hence accounting for the high level of

growth. Similarly, the growth rate for adults during spring

(August to November) of 1983, which experienced high

flows, was much greater than the growth rate of similar-

sized animals in 1980 when flows were low. However, the

relationship between growth and flow rate was non-mono-

tonic, as abundance was low or zero following the floods

of 1977 and 1978. Although few studies have related food

availability and bivalve growth, Wildish & Kristmanson

(1985:237) showed that the growth of blue mussels "may

be controlled by tidal current speed through its effect on

seston supply." Further, Josefson (1982) found that food

supply rather than temperature affected the growth rate

of Abra alba.

Growth rates of Notospisula trigonella also appear to

vary with geographical location. For example, the

Hawkesbury cohort 3 (Figures 4H-K) reached its max-

imum size (19 mm mean shell length) in nine months and

may have persisted for only 12-15 months. By contrast,

individuals of N. trigonella from Bramble Bay, Queens-

land, were only 14-16 mm long at an estimated age of 20-

24 months (Stejskal, personal communication). Alterna-

tively, the population at Bramble Bay may have grown

more slowly because it was intertidal (and hence had less

feeding time) rather than some geographical factor, or else

because age estimates might have been in error.

Because of the limitations imposed by the low temporal

resolution in sampling, the above life-history interpreta-

tions have provisional status only.

Distribution and Abundance

Spatial differences in abundance were not only usually

statistically significant but also inconsistent. Such vari-

ability appears common both for Notospisula trigonella else-

where (Stejskal, 1985) and for other bivalve species

(O'FoiGHlL et al., 1984; GlBBS, 1984). Although these

inconsistent patterns make it difficult to suggest factors

controlling abundance, available evidence suggests the up-

stream limit of N. trigonella may be influenced by salinity.

Hughes (personal communication) found high mortality

in laboratory populations held in salinities below 5%o, and

both this study and that of Poore (1982) in the Gippsland

Lakes failed to find this species below 10%o in depths and

sediment grades similar to populated sites of higher salin-

ity.

Although no consistent downstream distributional limit

was observed in the present study, Notospisula trigonella

was absent or rare from transect 1 and also from the high-

salinity sites near the mouth of the Gippsland Lakes

(Poore, 1982). Furthermore, abundance in large marine

bays can be enhanced near freshwater inputs (Poore &
Rainer, 1974; Stejskal, 1985). These results suggest that

marine salinities or some associated factor (see, e.g., Boesch,

1977) inhibit N. trigonella.

Significant across-estuary differences in abundance were

sometimes associated with both depth and sediment grade.

These patterns resemble those of other mactrid bivalve

species (Holland, 1985). However, neither depth nor

sediment grade was useful for predicting abundance be-

cause the nature of the relationship varied with time, lo-

cation, or both. Furthermore, at transect 6 where sediment

changes were not confounded with depth, significant dif-

ferences in abundance did not occur. These results suggest

that sediment specificity is low in this species. Other studies

have found Notospisula trigonella to occupy sediments rang-

ing from mud (Poore & Kudenov, 1978) to sand

(MacPherson & Gabriel, 1962; Hughes, personal com-

munication). However, experimental work by Jones (per-

sonal communication) found that silt and fine sand at-

tracted more specimens than coarse sand (which did not

characterize any Hawkesbury site) where burrowing was

difficult. Of course, factors such as hydrodynamic forces

are confounded with water depth and sediment grade and

may influence adult abundance through their effect on

larval distribution or food supply.

Temporal Patterns

While temporal differences in abundance were often

highly significant, the patterns of difference were very

variable. For example, seasonal differences were not al-

ways repeatable over years. Some of this variation can be
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explained by the occurrence of a major flood in March

1978 and a minor flood in March 1977 after which No-

tospisula trigonella was uniquely absent and rare respec-

tively. Hence, the seasonal patterns of abundance were

altered for these years.

Other estuarine invertebrate species also show substan-

tial temporal variability (Boesch et ai, 1976a; Holland,

1985). One of these is the mactrid bivalve Mulinia lateralis

which exhibits high fecundity, rapid growth, and early

maturity (Boesch etai, 1976a). Notospisula trigonella shares

some of these traits, which probably promote survival in

a variable and disturbance-prone environment (Grassle

& Sanders, 1973).

In contrast, another estuarine mactrid bivalve, Rangia

cuneata, has a life history that differs from the above species

by having long life (at least 8 yr) and by being persistently

present in samples taken between 1969 and 1975 (BOESCH

et ai, 1976a). Temporal variability in abundance was also

comparatively low. Consequently, attempts to generalize

about estuarine life-history strategies, even among confa-

milial species, will fail. However, a partial explanation of

these differing strategies arises from the following. Estu-

aries are far from uniform habitats, and species in different

salinity zones often differ in their response to disturbance

(Boesch et ai, 1976b; Jones, in preparation). Mulinia

lateralis and Notospisula trigonella both inhabit salinities

exceeding 10%o where flood-induced salinity depression,

and hence the magnitude of disturbance, would be greater

than for R. cuneata, which lives in salinities lower than

10%o. Unlike the other two mactrids, R. cuneata can survive

severe flooding with the probable consequence of longer

life and increased buffering of temporal fluctuations.

Although the decreased abundance of Notospisula tri-

gonella associated with floods suggests that greatly de-

creased salinity lowers abundance, the effect of salinity is

confounded with the sediment changes that accompany

floods. Sediment erosion and deposition and turbidity can

kill other bivalve species (Perkins, 1974; Peterson, 1985).

Being a surface-dwelling suspension feeder with short si-

phons, N. trigonella would probably be particularly sus-

ceptible to these sediment changes, especially as Jones

(personal communication) found sediment disturbance to

affect significantly the abundance of this species.

Although some short-term changes can be explained by

the effects of floods, factors such as salinity, river discharge,

and temperature never explained more than 22% of the

long-term variation (Table 2), a similar result to that

obtained for Mulinia lateralis in the Chesapeake Bay

(Holland, 1985). Furthermore, most of the partial cor-

relations concerning Notospisula trigonella were not sig-

nificant. This high degree of unexplained variability is

typical of the zoobenthos of the Hawkesbury Estuary,

where rainfall is itself temporally unpredictable (Jones et

ai, in preparation).
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